The purpose of this study is to evaluate the performance and change in the technical as well as technological efficiency in the total factor productivity of the 34 food processing industries in Malaysia, and to investigate the changes in their efficiency from 2009 to 2010 by applying two recent methods of data analysis, namely order-m and Malmquist productivity index. The results show that almost all industries have experienced an efficient technological contribution in their respective production functions, but there are wide dissimilarities in the technical efficiency of the organic composition of each industry. Also, there are variations in the change in efficiency scores from 2009 to 2010.
INTRODUCTION
Malaysia is a highly open, upper-middle income economy. The food processing industry, along with other industries, plays a vital role in the economy of Malaysia by creating employment, market outlets and adding value to primary agricultural products [1] . Without the proper processing of food, higher productivity of both the industry and the economy in general is, perhaps, unachievable. Moreover, if a country cannot stock its produced food for a long time, the possibilities for exporting are limited to fresh food with the associated higher costs. The more a country is able to efficiently and productively produce a good, the more likely the country will have an absolute and a comparative advantage in the international market. And a country needs comparative advantage to acquire higher gains from trade [2] . This study will focus on efficiency and productivity of the Malaysian food processing industry by applying recent nonparametric approaches to data interpretation.
Though Malaysia has been exporting processed food since 1964, it typically runs a trade deficit in food, although this has declined recently [3] . In 2012, Malaysia exported more than RM 11 billion of food to 200 countries with imports of processed food valued at more than RM 30 billion [4] . In 2015, Malaysia achieved a trade surplus in processed food with exports of approximately RM 18.02 billion, and imports of RM 17.8 billion [5] . Gains from trade have increased from the export of edible products and preparations, cocoa and cocoa preparations, cereals and flour. Its major export destinations were Singapore, Indonesia, USA, Thailand, and Republic of China [4, 5] . To promote growth, the Malaysian Government has launched the National Agricultural Policy (NAP), the Balance of Trade (BOT) Policy, the Industrial Master Plan (for 1986-1995, 1996-2005 and 2006-2020) and the National Agro-Food Policy (2011-2020) [6] .
In order to understand and sustain the efficiency and productivity of Malaysian food processing industries for future gains of trade, there is a need for in-depth analysis with sectoral data using recently developed statistical methods. This study is an attempt to illustrate the ranking, efficiency, total factor productivity and overall competitiveness of Malaysian food processing industries. The data is collected by the survey conducted in the study year as the part of post-doctoral study of the corresponding author. Since it is difficult to collect several years' data, the key focus of this study is not only to analyze the data but also demonstrate how recent statistical methods can be used for this type of analysis. The outcome of this research can be applicable to other industries especially at the sectoral level. The article is organized as follows: Section 1 contains the introduction, literature review, research gap or problem and objective of the study; Section 2 discusses the methodology; Section 3 illustrates the data and variables; Section 4 presents results and interpretation of those results and finally Section 5 discuss the conclusion and policy implications of this research.
LITERATURE REVIEW
There have been a number of studies on the same or similar topics using conventional approaches to data interpretation. For example, a group scientist investigated the competitiveness and comparative advantage of the Malaysian food processing industry by introducing net social profit (NSP), domestic resource cost (DRC) and the social cost-benefit (SCB) ratio at the production level and Porter's diamond approach at the firm level [7] . They proposed that the industry has comparative advantages at different magnitudes. They found the NSP indices to be quite wide and suggested that there is a need to improve the resource allocation from low to high comparative advantage sectors. Their result also suggested that the food processing industry in Malaysia was gaining competitiveness.
The main objective of this study is to comprehend the competitiveness and efficiency of the food processing industry during the initial period of the introduction of various policies which were intended to promote growth of this sector. The key difference between the previous studies and this study is that this study analyses data for the years 2009 and 2010 by applying two contemporary non-parametric methods of analysis (see Note 2 in Appendix), namely the Malmquist productivity index (MPI) and orderm partial frontier analysis. It is believed that the application of these two modern approaches to data interpretation will enable future analysts of similar topics to compare results of the most recent years with those of the initial period more comprehensively, broadly and systematically.
Many previous studies have used MPI analysis and order-m analysis. Some researcher performed an empirical investigation into the regional innovation systems (RIS) which studied the influence of interrelationships among education, knowledge transfer, linkage and communications, regulatory quality, cost of doing business, trade openness, R&D expenditure and high-tech exports in overall economic growth [8] . This paper applied the non-parametric robust partial frontier order-m approach in cross-section data analysis. This enabled the study of behaviors of individual sectors in the course of the overall performance of the economy.
In other hand, study of productivity analysis of ASEAN economies in the transition towards a knowledge-based economy, applied the Malmquist Productivity Index (MPI) analysis [9] . The main purpose of this study was to analyze the nature and extent of productivity changes in Cobb-Douglas production function components and the growth of the knowledge economy of selected ASEAN countries, namely Malaysia, Indonesia, Philippines, Thailand, Singapore plus South Korea. This study used data envelopment analysis (DEA) and MPI analysis to estimate the individual country's efficiency and productivity changes. This aided the analysis of the contribution of technological as well as technical efficiency in the efficiency change of total factor productivity, which is similar to the approach of this study.
A researcher also has use the random coefficient frontier production function to show that input growth is a key factor contributing to output growth in Bangladesh for the period 1981 to 1991 [10] . This empirical study showed that low capital realization lowered the performance of the overall food processing sector despite economic reforms.
The first empirical work separating technical efficiency from technological progress as contributors to total factor productivity was introduced by a group researcher [11] . Technical efficiency is the extent to which firms are able to produce on the "best-practice" production function that specifies the frontier of outputs for all possible input-output combinations. This technical efficiency may be the result of things such as learning by doing, diffusion of new technological knowledge, improved managerial practice, short run adjustment to external shocks and changes in the organic composition of the firm (see Note 1 in Appendix). The extent to which firms are unable to produce on this frontier is referred to as technical inefficiency. On the other hand, technological progress (change, efficiency) is defined as a rise in the best-practice production frontier.
Research Gaps
Previous studies that have measured productivity and efficiency in the context of the Malaysian food processing industry appear to have left significant research gaps as follows:
1. Very few empirical works have measured total factor productivity and technological change efficiency of the Malaysian food processing industry. Separate investigations of the performance of technological and technical efficiency have also not been found. In addition, a comprehensive analysis of the sectoral contributions of organic composition and technology to total factor productivity is inadequate. These gaps support the application of a precise comparative analysis method for measuring the competitiveness of the industry.
2. The clarification of technical and technological intensiveness for determining the comparative advantage among the industries is also absent in the prior studies.
3. The methodology used in this study can be extended to other industries while measuring total factor productivity, competitiveness and efficiency using up to date methodologies such as MPI and Order m.
Research Objective
The main purpose of this study is to investigate, in depth, the competitiveness and the performance of the food processing industries in Malaysia by using two new non-parametric methods, namely Malmquist Productivity Index and Order-m analysis. The main reason behind applying these methods is to observe not only the efficiency scores but also the sensitivity of the organic composition and production technology which play significant roles in increasing the total factor productivity of the industries.
METHODOLOGY
As stated before, according to the purpose of the study, this study will involve two methods of data analysis for the decision making, namely Malmquist Productivity Index (MPI) analysis and Order-m Partial Frontier approach.
Malmquist Productivity Index (MPI)
The Malmquist Productivity Index is a bilateral index that can be used to compare the production technology of two or more economies or sectors. It was developed by Sten Malmquist. This method will be used because it has a number of desirable features suitable for this study. First, Malmquist indexes are unit independent and they do not require input or output prices in their construction. Second, the computation is relatively straightforward, as demonstrated by some researcher [12] . Third, the MPI can accommodate multiple inputs and outputs without having to aggregate them. Fourth, MPI has two components -technical efficiency change and technological change [12] . Technical efficiency refers to the ability to use a minimal amount of input to produce a given level of output.
On the other hand, technological efficiency means the ability to combine the inputs most efficiently in order to produce the maximum level of output. Over time, the level of the output of an industry will increase due to technological changes that affect the ability to optimally combine inputs and outputs. Thus, for any organization in an industry, productivity improvements over time may be either technical efficiency improvements (catching up with their own frontier) or technological improvements (because the frontier is shifting up over time), or both [13] .
A study has shown that productivity and efficiency are the indexes of competitiveness [14] . Another studies also stated that productivity and efficiency are the most reliable measurest of competitiveness [15] . The importance of analyzing these two components is that it provides insight into the sources of change in total factor productivity. The fifth desirable feature is that the original MPI assumes constant returns to scale for the production process. As a result, if the production process displays decreasing returns to scale the original MPI typically overestimates productivity change or underestimates it for increasing returns to scale. A group researcher recommended the use of a generalized MPI, to cope with the issue of variable returns to scale, that includes an additional component, called scale index, to represent the effect of economies of scale on productivity [12] . Scale efficiency refers to the extent an organization can take advantage of returns to scale by altering its size towards optimal scale. A researcher also echoed that MPI does have the accuracy in measuring the productivity change under an appropriate characterization of the technology [16] . Sixth, the Malmquist DEA approach measures efficiency for one year, relative to the prior year, while allowing the efficiency frontier to shift. So positive total factor productivity growth is indicated by a value greater than unity, whereas a value less than unity indicates productivity decline.
There are two approaches to measuring productivity by using the Malmquist productivity index. One is the output-oriented Malmquist productivity index which is the way to measure a change in productivity to see how much more output has been produced, using a given input level and the present state of technology, relative to what could be produced under a given reference technology using the same input level. Another is input-oriented Malmquist productivity index which is the way to measure the change in productivity by examining the reduction in input use that is feasible given the need to produce a given level of output under a reference technology [17] . This study concentrates on the output-oriented Malmquist productivity index for analysis.
The functional definition of DEA MPI is as follows:
Where is a distance function measuring the efficiency of conversion of inputs to outputs in the period t. DEA efficiency is considered a distance measure in the literature as it reflects the efficiency of input/output conversion of DMUs. In fact, if there is a change in technology the following year which is (t+1), then +1 ( , ) will be the efficiency of altering input in period t to output in period t ≠ ( , ). Hence, it can be said that technically Malmquist Productivity Index (MPI) is a geometric average of the efficiency and technological changes in the two referenced periods and it is thus can be written as:
or, M = ET where M stands for productivity index, E is the technical efficiency change and T is the technology change. E measures the change in the CRS technical efficiency of period t+1 over that in period t. If E is greater than 1, It is assumed that there is an increase in the technical efficiency. However, T represents the average technological change over the two referred periods.
Order-m Frontier Approach
The study discusses order-m frontier in a non-technical way for easier access to a broader audience. In contrast to the FDH or DEA approach, the idea behind the order-m approach is to compare one sector's performance with a randomly drawn sub-sample of sectors' performance instead of evaluating one sector with respect to the performance of all other sectors [18] . The researcher has to specify the sub-sample size, which is denoted as m, giving the name to the procedure. For instance, this study worked over 34 observations; therefore, the m can be 5, 10, 15, 20, 25, 30 etc. For simplicity, the study took m = 20 and m = 25 for partial frontier and m = 34 for full frontier analysis. Afzal applied the nonparametric robust partial frontier order-m approach to determine the frontier region in his study [8] . The evaluation of sectors' individual performances is done in an identical style to that of the DEA or FDH approach based on partial frontiers. The order-m performance measure contains most of the characteristics of the FDH or DEA model. In addition, it is less sensitive to outliers and noise in the data as the partial frontier is not enveloping all observations [18] .
The primary idea of the unconditional order-m is straightforward. For instance, in a multivariate case, consider ( 0 , 0 ) as the inputs and outputs of the unit of interest. ( 1 , 1 ) 
With ( ) with the ℎ component of (of 0 respectively) the order-m efficiency measure of unit ( 0 , 0 ) is defined as:
The obtained performance measures the radial distance of the unit to the order-m frontier. Note that in any case, a unit is at least compared to itself which results in a performance score of one. For an extensive treatment of the conditional and unconditional order-m approach see [19, 20] . It is evident from the results obtained that the highest performing industry is Manufacturer of Kernel Palm Oil with a score of 4.147 in the efficiency change of TFP, which indicates an approximate 314.7% increase in the industry's overall efficiency, indicating increasing returns-to-scale in the industry's production function. About 1.4% of this change is due to growth in technical efficiency and 309% of this change is due to growth in technological efficiency. Hence, the result suggests that although the contribution of capital and labor to production has increased somewhat; on the other hand, the contribution of technology has increased significantly over the last few years. The second highest performing industry is Manufacturer of Glucose & Glucose Syrup, Maltose. This industry shows no change in the technical efficiency but a score of 3.939 in the change in the technological efficiency, which means about 293.9% increase in the efficiency of total factor productivity caused solely by the increase in technological efficiency. Since technological efficiency increases are likely the result of developments external to the industry itself, this suggests that there is still scope for improvement in the organic composition of both these high performing industries.
DATA AND VARIABLES
The industry with the highest decline in the change of total factor productivity is Manufacturer of other Food Products, with an approximate 45.7% decrease and a score of 0.162 in the change of technical efficiency, which means about an 83.8% decline in the technical efficiency. The technological efficiency has increased by about 234.7%, therefore the decline can be attributed to the negative change in the technical efficiency. The second highest decline in the change in the efficiency of total factor productivity is attained by Flour Milling industry, which has about a 39.5% decrease in the efficiency of total factor productivity. The approximate 271.7% increase in technological efficiency could not compensate for the 83.7% decrease in technical efficiency, hence the decline. In fact, this is evident in almost all industries where there is a decline in the change of efficiency of total factor productivity: the increase in the technological efficiency could not offset the decrease in technical efficiency. Therefore, it might be said that these industries are more sensitive to their organic composition rather than to their production technology. This suggests that there is still much scope to further investigate the industry-wide sensitiveness to the organic composition as well as technology using more rigorous data, which will help policy makers to take appropriate and necessary steps to boost the food processing industries in Malaysia. Figure  1 shows a comparative visualization of all the factors' efficiency changes by indicating industries in the horizontal axis and change in efficiencies of technical, technological and TFP in vertical axis. The outcome indicates that this industry is performing well and the mechanism of its production process is working efficiently, although it is exhibiting significantly high diminishing returns-to-scale in its production.
The lowest performing industry is the Manufacturer of Biscuits and Cookies with an efficiency score of 0.7177833 in the year 2009 and 0.716358 in the year 2010, which is about a 0.20% decrease over the oneyear period. The MPI analysis also shows that this industry has a decline of 74.2% in its technical efficiency. This means there is scope to improve its production process and its organic composition, and since it exhibits increasing returns-to-scale in its production process, the improvement can further secure its future sustainability. The analysis suggests that this industry should follow the mechanism of Manufacturer of Wines Malt Liquors and Malt as pseudo reference (see Note 3 in Appendix); in an attempt to eventually reach an efficient point of production.
By analyzing these results, it can be seen that the highest increase in the efficiency score from 2009 to 2010 is held by Pineapple Canning industry. It shows about a 4.78% increase in its efficiency score. This is because although the amount of value-added by the industry fell, so did the amount of input cost including salaries and wages paid to employees. As a result, overall efficiency has increased. On the other hand, the highest decline in the efficiency score is exhibited by the Manufacturer of Tea which is approximately a 14.67% decrease. Data suggests that this is because the increase in the industry's value-added could not offset the increase in the cost of salaries and wages paid to the employees. Twelve industries among the 38-show constant efficiency score over the one-year period. 
CONCLUSION AND POLICY SUGGESTIONS
The key contributions of this study to the existing literature are as follows:
1. There is an introduction to MPI analysis to the existing literature for analyzing total factor productivity and technological change efficiency of the food processing industry.
Findings: MPI analysis enabled us to examine the performance of technological and technical efficiency separately and the contribution of organic composition as well as the contribution of technology to the total factor productivity of the sectors more comprehensively;
2. A search of the literature indicates this is the first time in the analysis of the food processing industry that a study has used both partial frontier (m = 20 and m = 25) as well as full frontier (m = 34) order-m analysis. The m stands for number of industries in this research.
Findings: This has enabled us to examine which food processing industry has performed most efficiently, providing insights for other food processors. This approach has also helped us to review the variation in the efficiency score of the industries over the one-year period under consideration. Moreover, the study also found the order m method to be efficient and consistence unlike other non-parametric methods such as DEA, FDH etc.
3. The study also presented technical intensiveness and technological intensiveness as factors determining comparative and absolute advantage for each industry in addition to the factors, such as lower cost of inputs and higher value of output, which were used in previous studies.
Findings:
The results strongly indicate that for the majority of industries, better performance is the result of an improvement in technological efficiency rather than organic composition. Almost all industries show negativity in the improvement of organic composition in their production processes, with the exception of Manufacturer of Palm Kernel Oil for which organic composition was a significant contributor in the overall increase in total factor productivity efficiency.
This is an important finding, because since technological efficiency increases are likely the result of developments external to the industry and the firms that comprise it, it suggests that there is still scope for improvement in the internal management practices and resource allocation decision of these high performing industries. In other words, the best-practice production frontier is moving upward thereby increasing total factor productivity, but the extent to which firms are moving towards the frontier by improving internal practices is less positive. Indeed, it could be speculated that the trend of continually increasing technological efficiency in the food processing industry reduces the incentives for firms to strive for technical efficiency within their organizations.
While this is largely a matter for the firms themselves, it has policy implications simply in the recognition that firms are not moving towards their production frontiers. More work would need to be done to ascertain why but if, for example, this is because of barriers to the improvement in organic composition, policies could be considered to address this. This methodology would be equally valuable in other industries, given the availability of appropriate data.The main limitation of this study is the lack of availability of the data. The data used here is only for two years, 2009 and 2010, therefore the results show some inconsistency in the outcome. The dataset used in this study has been collected in association with University Malaysia Sabah (UMS), University Putra Malaysia (UPM) and Malaysian government. Data for the year 2012 was available, but unusable for this study because it lacked the balanced panel feature for analysis. Also, a deeper understanding of how intensive an industry is to organic composition or technology wasn't possible due to lack of appropriate data. Additionally, this study has used only a non-parametric approach to the analysis. Hence, the suggestion to future researchers would be to use more years of data in their analysis, as well as to use additional data for analyzing the intensiveness to organic composition or technology of each industry. It would also be possible to use parametric approaches such as simple OLS or GLS regression analysis besides the non-parametric approaches used in this study.
